It has been proposed that a core network of brain regions, including the hippocampus, supports both past remembering and future imagining. We investigated the importance of the hippocampus for these functions. Five patients with bilateral hippocampal damage and one patient with large medial temporal lobe lesions were tested for their ability to recount autobiographical episodes from the remote past, the recent past, and to imagine plausible episodes in the near future. The patients with hippocampal damage had intact remote autobiographical memory, modestly impaired recent memory, and an intact ability to imagine the future. The patient with large medial temporal lobe lesions had intact remote memory, markedly impaired recent memory, and also had an intact ability to imagine the future. The findings suggest that the capacity for imagining the future, like the capacity for remembering the remote past, is independent of the hippocampus.
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episodic memory | semantic memory | medial temporal lobe | remote memory | amnesia B ilateral damage to medial temporal lobe structures impairs the formation of new memories and also impairs recall of facts, events, and autobiographical experiences that were acquired during the years before the damage occurred (1, 2) . This finding suggests that common mechanisms may underlie the ability to form new memories and the ability to recollect recent memories. There has also been interest in the possible link between remembering past experiences and imagining plausible episodes in the future (3) . It was noted, for example, that the memory-impaired patient KC was impaired at generating autobiographical details about his past and also could not imagine future autobiographical episodes (4, 5) . A link between past remembering and future imagining has received additional support from other patient studies. Thus, the densely amnesic patient DB had difficulty imagining future episodes (6) . Similarly, four of five memory-impaired patients with lesions involving the hippocampus were reported to have difficulty constructing future autobiographical scenarios (7) . Moreover, elderly individuals who provided fewer specific details about the recent past also provided fewer specific details about the future (8) . Last, patients with mild Alzheimer's disease were impaired at providing autobiographical details about both past and future events (9) .
Consistent with these observations, neuroimaging studies have described substantial overlap between the brain regions activated when volunteers retrieve past memories and when they imagine future experiences (e.g., refs. 10-14). Schacter et al. (14) suggested that a core network of brain regions supports past remembering and future imagining. The key components of this network are proposed to be the medial prefrontal cortex, posterior regions in medial and lateral parietal cortex, lateral temporal cortex, and the medial temporal lobe including hippocampus (14, 15) .
Within this network, the importance of the hippocampus and related medial temporal lobe structures for future imagining is not entirely clear. First, elderly individuals and patients with Alzheimer's disease exhibit a variety of neuropathological changes (16, 17) , and it is therefore difficult to attribute their difficulty in constructing future scenarios to a specific structure. Second, patient KC developed amnesia after a head trauma and has significant damage in frontal, parietal, and occipital cortex (18) . Third, the extent of DB's lesion was not described, and it is unclear which structures were damaged (6) . Last, the patients with hippocampal damage who were impaired had amnesia resulting from limbic encephalitis (7) . Although this condition is known to affect medial temporal lobe structures, patients can exhibit deficits beyond memory in intelligence and executive function (19) (20) (21) .
To explore these issues further, we tested the capacity for imagining future episodes in five patients with well-characterized, bilateral lesions apparently limited to the hippocampus and in one patient with large bilateral medial temporal lobe lesions that include the hippocampus. We administered the Adapted Autobiographical Interview (8, 22, 23) to patients and age-matched controls and, using the same measures used in previous studies (7, 8) , we evaluated their capacity for constructing autobiographical episodes in three time periods: remote memory (before the age of 25 y), recent memory (within the past year), and the capacity to construct plausible autobiographical episodes for the near future.
Results
Both patients and controls were able to provide unique autobiographical memories and to imagine plausible future episodes for most of the cue words (5 to probe the remote past, 5 to probe the recent past, and 10 to probe the future). Fig. 1 shows the mean number of internal and external elements generated for episodes from the remote past, recent past, and future (elements were averaged across all cue words). The data were analyzed separately for the patients with hippocampal lesions and for the patient with large medial temporal lobe lesions (GP). For the internal elements, a two-way ANOVA (hippocampal and control group × time period) revealed no effect of group [F(1,11) = 0.1, P > 0.1] or time period [F(2,11) = 1.1, P > 0.1] but a group × time period interaction [F(2,11) = 7.2, P < 0.03]. The interaction reflects the fact that the patients scored similarly to, or even better than, controls for the remote and future time periods but worse than the controls for the recent past. Post hoc tests for each time period revealed a marginal difference between groups for the recent time period [t(11) = 1.9, P = 0.08].
Patient GP provided as many elements as controls when recalling remote past episodes and when imagining future episodes, but he was markedly impaired at recalling episodes from the recent past [single sample t test vs. controls; t(7) = 10. 0.01]. Thus the patients were able to recall detailed autobiographical memories from their early life and to imagine detailed future events, but they had difficulty recalling detailed memories from their recent past.
For the external elements ( Fig. 1 ), a two-way ANOVA (hippocampal group × time period) revealed no effect of group [F(1,11) = 0.1, P > 0.10], an effect of time period [F(2,11) = 7.4, P < 0.03], and a marginal group × time period interaction [F(2,11) = 3.9, P = 0.08]. The effect of time period reflects the large number of external elements recalled from the recent past, relative to the remote past and future time periods. Note that the numerical difference between hippocampal patients and controls in the future time period did not reach significance [t(11) = 1.8, P = 0.10]. Patient GP did not provide as many external elements as controls in the recent past and the future time periods (ts > 3.2, Ps < 0.05).
Narratives were also scored for measures of content for each experiential index [spatial references (SPA), entities present (EP), sensory descriptions (SD), and thought/emotion/actions (TEA)] to determine the quality of the remembered and imagined episodes (Fig. 2) . A three-way ANOVA (hippocampal group × time period × measure) revealed no effect of group [F (1,11) = 0.1] and no interactions involving the group factor (Ps > 0.5). Thus, the controls and the patients with hippocampal lesions provided a similar number of elements within each content category, including the spatial category. There was an effect of time period [F(2,11) = 9.0, P < 0.01] due to the greater number of elements provided overall for the recent time period than for the remote past and future time periods. There were also effects of content [F(3,11) = 11.0, P < 0.01] and a content × time period interaction [F(6,11) = 9.6, P = 0.01].
GP's narratives included few SDs in all three time periods [ts (7) > 3.2, P < 0.02] relative to controls. As expected, because of his severe retrograde amnesia, GP also provided few elements from the recent time period for each of the four content measures [ts(7) > 2.7, Ps < 0.03]. Notably, however, GP did provide as many SPA, EP, and TEA elements as controls when recalling remote past episodes and when imagining future episodes.
The patients with hippocampal lesions tended to repeat themselves within their narrative episodes (Fig. 3) . Presumably, these effects occurred because memory impairment made it difficult during delivery of narratives to remember what had been said earlier in the narrative. For internal elements, a two-way ANOVA (hippocampal group × time period) revealed an effect of group [F(1,11) = 32.6, P < 0.01], no effect of time period [F (2,11) = 1.33] and no group × time period interaction [F(2,11) = 0.14]. The results were similar for external elements (Fig. 3) . A two-way ANOVA (hippocampal group × time period) revealed an effect of group [F(1,11) = 7.0, P < 0.03] but no effect of time period [F(2,11) = 0.9] and no group × time interaction [F(2,11) = 0.04]. In the case of internal elements GP, like the hippocampal patients, repeated more phrases than controls in every time period [ts(7) > 2.7, Ps < 0.03]. However, his repetitions of external elements did not differ noticeably from controls.
There was no difference in ratings of vividness, emotion, and personal significance between hippocampal patients and controls (patients, 4.2, 3.8, and 4.2; controls, 4.1, 3.7, and 3.8, respectively). Indeed, none of the comparisons approached significance for any time period [ts(11) < 1.8, Ps > 0.1]. Hippocampal patients and controls also used a similar number of words to relate each narrative (repeated phrases were excluded from this analysis). Averaged across time periods, the patients used 262.5 ± 21.1 words and the controls used 243.5 ± 13.8 words. The results were the same when the word count was calculated separately for each time period [ts(11) < 1.0, Ps > 0.3]. GP gave high ratings for vividness, emotion, and personal significance across all time periods [mean for the three ratings across time periods was 4.8; t(7) = 8.2, P < 0.01]. With respect to word count, his remote past and future narratives (excluding repeated phrases) involved a similar number of words as controls (remote past: control 220.9 ± 23; GP 219; future: control 213.9 ± 16.4; GP 223.6). However, GP used fewer words than controls to relate narratives from the recent past [control 295.5 ± 22.1; GP 232.8; t(7) = 2.8, P < 0.03], presumably because of his severe retrograde amnesia. Fig. 1 . Mean number of internal and external elements generated for remote past, recent past, and future episodes by patients with lesions limited to the hippocampus (H), a patient with a large medial temporal lobe lesion (MTL), and controls (CON). Internal elements were details provided for the narrative that were part of a remembered or imagined episode. External elements consisted of semantic information or details unrelated to the reported episode. Error bars indicate SEM. *P < 0.05 vs. CON. 
Internal Elements (Experiential Index)

Discussion
Patients with circumscribed hippocampal lesions and one patient with large medial temporal lobe lesions were asked to recollect autobiographical memories from both the recent and remote past and to imagine plausible episodes in the future. Similar to what was found in our previous studies of autobiographical memory (22, 24) , the patients with hippocampal damage had intact remote autobiographical memory and modestly impaired recent memory. In addition, we found that when the patients imagined future autobiographical episodes, they provided as many total details as controls (Fig. 1) , as well as a similar number of details in each content category (Fig. 2) . The findings for the profoundly amnesic patient GP were particularly instructive. GP had intact remote autobiographical memory but was markedly impaired when recalling recent memory, similar to what has been described previously for this patient (22, 24) . Despite this severe impairment in recollecting from the recent past, GP performed similarly to controls when he constructed future personal events (Fig. 1) , and he provided as many details as controls for nearly every content category (Fig.  2 ). Unlike patients with hippocampal lesions, GP provided fewer sensory descriptions than controls in all three time periods (Fig.  2) . GP also provided fewer external elements in his narratives about the recent past and the future than did controls (Fig. 1) .
The hippocampal patients as well as GP tended to repeat themselves when constructing narratives in all three time periods (Fig. 3) . This marked impairment presumably resulted from their memory deficit, and it stands in sharp contrast to the intact ability of these patients to imagine future episodes. Hippocampal patients and controls also used a similar number of words to describe their episodes. GP did use fewer words than controls to describe episodes from the recent past, presumably owing to his severe retrograde amnesia covering that time period.
Our findings support the idea that only recall from the recent past depends on the hippocampus and that, if the core network of brain regions described by Schacter et al. (14) is largely intact except for the hippocampus (specifically the precuneus/retrosplenial cortex, medial prefrontal cortex, lateral parietal cortex, and lateral temporal cortex), then remote memory and future imagining will be intact.
In related work, older adults produced less autobiographical detail than younger adults when describing both past and future events (8) . There was also a significant positive correlation between the richness of these narratives and paired-associate learning, a standard test of medial temporal lobe function. This finding raised the possibility that age-related loss of hippocampal function might underlie the impaired ability to remember the past and imagine the future. This possibility seems unlikely because the patients in the present study are all severely impaired at paired-associate learning but were nonetheless intact at future imagining. Another possibility, suggested by Addis et al. (8) , and perhaps more likely in light of the present findings, is that impaired future imagining depends on age-related changes in prefrontal cortex. Consistent with this idea, there is evidence that the richness of autobiographical remembering and future imagining depends importantly on factors unrelated to memory itself (25) .
Hassabis et al. (7) assessed the importance of the hippocampus for future imagining by testing patients with bilateral hippocampal damage. Four of the five patients tested were impaired. It is notable that the procedure followed in that study differed from our own. In that study, participants were given a scenario to use in constructing a future episode (e.g., "Imagine you are lying on a white sandy beach in a beautiful tropical bay"). In contrast, following Addis et al. (8), we asked patients to describe whatever personal episodes they could produce in response to single cue words. It is unclear whether these differences in procedure are significant for understanding our different findings.
It is also notable that all four of the patients in the earlier study who were impaired in imagining the future became amnesic as a result of limbic encephalitis (7) . Three of these patients had limbic encephalitis associated with elevated voltage-gated potassium channel antibodies (VGKC-Abs), and the remain ing patient had limbic encephalitis in the absence of VGKC-Abs. The two conditions have been reported to have very similar characteristics (20) .
Limbic encephalitis presents with a complex clinical picture and with brain abnormalities that extend beyond medial temporal lobe structures (e.g., refs. [19] [20] [21] 26) . For example, Schott et al. (21) documented whole-brain cortical atrophy in the case of one individual with VGKC-Ab limbic encephalitis. Their patient sustained a 22.6% (left) and 39.6% (right) reduction in hippocampal volume, as well as a decrease in whole brain volume by 11.4% over the course of 6 mo.
Patients with limbic encephalitis can also perform poorly on tests of frontal lobe function (20, 21) . They may also confabulate (19, 26, 27) , be confused (19, 21) , have seizures (20, 21) , manifest personality changes (19, 20, 27) , and have EEG abnormalities in areas outside the medial temporal lobe (21) . Patients with elevated serum VGKC-Abs can even present with frontotemporallike dementia (27, 28) . These features of limbic encephalitis are associated mainly with its acute presentation. Nevertheless, because the condition presents initially with signs of broad cognitive impairment, it is possible that even patients who have stabilized with treatment can have persisting dysfunction in regions other than the medial temporal lobe.
Although patients in the study by Hassabis et al. (7) were reported to perform within the normal range on tests of language, perception, verbal fluency, and executive functioning, there are suggestions that the impairment extended beyond memory in some of the cases. For example, in a separate report, patient P03 was reported to have persisting personality change associated with his limbic encephalitis (20) . Additionally, in a different report patient P04 was described as having verbal and performance intelligence quotient (IQ) in the normal range but was considered to have some intellectual deficiency in view of his estimated high premorbid IQ (29) . Last, patient P02 was reported elsewhere to have "some generalized atrophy" (not additionally specified) and obtained an IQ score in the low average range (30) .
The patient in Hassabis et al. (7) who was not impaired in imagining the future (P01) had brain damage as a result of a different condition: meningeoencephalitis and recurrent meningitis. This individual had anterograde and retrograde amnesia and was reported to have a substantial loss of hippocampal volume (48.8% reduction in the left and 46.2% reduction in the right), and bilateral abnormalities in the occipital lobes. It was noted elsewhere that patient P01 also has significant volume reduction in the amygdala bilaterally and in left entorhinal cortex (31) . One possibility is that residual right hippocampal tissue, as suggested by fMRI activity thought to be localized to that region, might account for P01's capacity for future imagining (7). Alternatively, other work suggests that hippocampal volume reduction of more than 40% reflects nearly complete loss of hippocampal neurons (32) . If so, then for P01 future imagining was not hippocampus-dependent. Two other studies of future imagining each involved a young adult with developmental amnesia (33, 34) . Both patients were reported to have approximately a 50% reduction of hippocampal volume bilaterally, but they performed differently on the tests. Jon (33) imagined future scenarios as well as controls, but HC (34) was impaired. These different results do not suggest a single view and do not illuminate possible differences between developmental amnesia and adult-onset amnesia. Additional study of developmental amnesia will be needed to weigh the possible importance of either residual hippocampal tissue or damage to structures beyond the hippocampus.
In any case, it is clear that patients with adult-onset memory impairment due to limbic encephalitis are impaired at imagining the future (7) . In view of our findings of intact future imagining in patients with circumscribed hippocampal damage, and even in a patient with large medial temporal lobe lesions and virtually complete loss of hippocampus, it seems doubtful that impaired future imagining can be attributed specifically to hippocampal damage. We suggest instead that difficulty imagining the future is caused by damage to structures other than the hippocampus that lie within the core network described by Schacter et al. (14) , structures such as medial frontal cortex and lateral temporal cortex that are known to be important for remembering both recent and remote autobiographical episodes (35) .
Materials and Methods
Participants. Six memory-impaired patients participated (Table 1) . Of these, five have damage thought to be limited to the hippocampus. GW and RS became amnesic after drug overdoses and associated respiratory failure. JRW became amnesic after cardiac arrest. KE became amnesic after an episode of ischemia associated with kidney failure and toxic shock syndrome. LJ (the only female) became amnesic during a 6-mo period in 1988 with no known precipitating event. Her memory impairment has remained stable since that time. Estimates of medial temporal lobe damage were based on quantitative analysis of MR images of patients compared with data for 19 controls (11 for LJ) (32, 36) . GW, RS, JRW, KE, and LJ have average bilateral reductions in hippocampal volume of 48%, 33%, 44%, 49%, and 46%, respectively (all values > 3 standard deviations from the control mean). The volume of parahippocampal gyrus (temporopolar, perirhinal, entorhinal, and parahippocampal cortices) is reduced by 12%, 1%, 6%, 17%, and -8%, respectively (all values within two standard deviations of the control mean).
One patient (GP) has severe memory impairment resulting from viral encephalitis. GP has demonstrated virtually no new learning since the onset of his amnesia, and during repeated testing over many weeks he does not recognize that he has been tested before (37) . GP has average bilateral reductions in hippocampal volume of 96%. The volume of the parahippocampal gyrus is reduced by 92%. Nine coronal MR images from each of the six patients are available as Fig. S1 .
Eight healthy volunteers (two female) served as controls for the memoryimpaired patients. Controls averaged 62.8 ± 3.6 y of age (patients, 57.7 ± 4.3 y) and had 15.3 ± 0.6 y of education (patients, 12.9 ± 0.7 y).
Test of Autobiographical Memory. We administered the Adapted Autobiographical Interview to test autobiographical memory as described previously (8) . Participants were asked to recall five autographical episodes from each of two past time periods: remote past (before the age of 25 y) and recent past (within the last year). They were instructed to relate single events that happened on a particular day at a particular place and time. Participants were also asked to invent 10 plausible autobiographical episodes, appropriate for the near future (during the next year). Following Addis et al. (8) , they were instructed that they could be creative but not unrealistic ("don't tell me about going to the moon, for example"). "You should imagine or invent a scenario that hasn't happened to you before." For each episode (past and future), a noun cue was provided to facilitate recall (e.g., "tree"), although the episode could be unrelated to the word. It was emphasized that the episode imagined for the future should not be similar to an actual past event (to discourage participants from remembering a past event and then recasting it for the future (38) . Three minutes were allowed for recollecting or imagining each event. Probing was used to elicit additional details about the episode (e.g., "Is there anything else you can tell me about that?"). Probing did not introduce new details that had not already been mentioned by the participant. If the participant strayed from recalling a specific episode, the examiner reminded the participant to focus on one particular event. When each narrative was completed, participants used a five-point rating scale to rate the level of vividness, emotion, and personal significance of the episode.
Scoring. Interviews were recorded and transcribed. Transcripts of narratives were then scored beginning at the point when the participant began to recall a single episode. Narratives were scored in three different ways. First, narratives were divided into "elements," which were defined as a piece of information, observation, statement, or thought (8, 22) . Each element was then categorized as "internal" or "external." Internal elements consisted of episodic information relating directly to the autobiographical event being recalled. External elements consisted of semantic information (factual information that formed background to the narrative) as well as episodic detail that was not part of the autobiographical event being recalled.
Second, we applied the experiential index as described by Hassibis et al. (7) . Each episode was scored for four content measures: EP, SD, SPA, and TEA (defined in Results). EP provided a count of the distinct entities within an episode (e.g., people, animals, objects). SD was a count of statements that described an entity (e.g., "she is short"), as well as other descriptors (e.g., "windy"). SPA counted statements that described the positions of entities within the episode (e.g., "nearby"), directions relative to the participant's vantage point (e.g., "in front of me"), or measurements (e.g., "about 10 feet long"). TEA counted thoughts (e.g., "I thought about the boy"), emotional feelings (e.g., "I was angry"), or actions (e.g., "she ran").
Third, the number of repetitions of complete phrases or complete ideas was counted within each episode whenever the phrase or idea was repeated using thesameor verysimilarwords.Repeatedcontent didnotcontributeto thescores obtained usingthefirsttwoscoring methods, so that thescores forthenarratives reflected unique content (not scores artificially elevated by repetition). The Wechsler Adult Intelligence Scale-III (WAIS-III) and the Wechsler Memory Scale-Revised (WMS-R) yield mean scores of 100 in the normal population, with a standard deviation of 15. The WMS-R does not provide numerical scores for individuals who score <50. IQ scores for JRW and RS are from the WAIS-R.
